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To keep the brightness suitable, manual lighting control usually distracts the attendees’ attentions in a meeting. 
Moreover, manual control needs several rounds of try to find a feasible solution, which delays the progress of 
meeting. And it’s hard to find the suitable lightness for the most comfortable visual effect manually. A context-aware 
lighting control system is developed in this paper to overcome the shortcomings of the manual control. With the 
technology of context-awareness and Internet of Things (IoT), people and devices can be connected by seamless 
services. In this paper, the proposed system can sense the changes of contexts and adapt the light status appropriately. 
For that aim, an ontology-based context model and a rule-based reasoning approach are designed to detect and infer 
the context changes. Meanwhile, we also propose an allocation model to offer the optimal adjustment scheme of 
lighting when needed. This paper integrates the context-awareness and IoT techniques into Illuminating Engineering 
field, so as to extend its ability to provide automatic support to the changing tasks of human in the lit space.
© 2011 Published by Elsevier Ltd. Selection and peer-review under responsibility of Desheng Dash Wu
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1. Introduction
Brightness is a key factor of environment, the quality of it can influence task performance, comfort and 
well-being [1]. On the other side, brightness can be used to direct the viewer’s attention to particular 
elements in the environment [2]. Nowadays, ppt slides as well as other digital materials companied with 
presentations are essential parts of meetings, which needs various lighting in different areas of meeting 
rooms. However, the unsuitable brightness in meeting rooms will do harm to the effect of projected 
materials, and consequently affect the quality of presentations. Although we can control the brightness 
manually, there still exist two main challenges. First of all, manual adjustment needs several rounds of try 
to find a feasible solution, which may disturb the presentation and thus would greatly delay the progress 
of meeting. Secondly, as the requirement of brightness constantly changes during a meeting, it’s not 
worthy to have a person just focus on controlling the brightness all the time. In addition, as reported by 
Veitch and Gifford, manual control over the lights reduces the creativity and efficiency of participants [3]. 
To meet these challenges, an automated lighting control system is needed.
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This system must understand the present status of people, things, and various devices including lights 
in the meeting rooms. Moreover, it should also be able to detect status changes, decide what adaption is 
needed and execute the adaption automatically. Context-awareness exactly means that one is able to use 
context information. A system is context-aware if it can extract, interpret and use context information and 
adapt its functionality to the current context of use [4]. In addition, the rapid growth of Internet of Things 
(IoT) provides great opportunities to such systems, as it can extend their ability from context-aware access 
to information, communication and computation to physical objects’ controlling. 
Motivated by the above mentioned problems, we designed a context-aware lighting control system for 
smart meeting rooms. It aims to sense the changes of brightness and adapt the light status appropriately, 
so as to make sure that meetings go on well with the fittest brightness all the time. An ontology-based 
context model is designed to represent the context in a meeting room, including the brightness relevant 
data, the activities context and so on. We also propose a rule-based reasoning approach to deduce changes
of context in the environment, especially the changes of activity context and those of the brightness in the 
room. Based on the reasoning results, a multiple objective model is proposed to compute the optimal light 
adjustment scheme. 
The remainder of this paper is organized as follows. Related works are discussed in Section2. Section 3 
describes the problem we discussed in detail and proposes the architecture of the context-aware system. 
And the ontology-based context modeling and reasoning are illustrated in Section 4. Section 5 describes 
the allocation model that allocates physical objects optimally. Conclusions and future research hints are 
given in Section 6.
2. Literature Review
A number of context-aware systems have been developed to demonstrate the usefulness of context-
aware computing technology. These applications and services can be divided into six categories [5]:
information system (especially decision support systems, such as [6, 7]), communication systems 
providing social community [8, 9], m-commerce [10, 11], web service [12, 13], tour guide [14], and smart 
spaces. The aim of most systems among them is to offer information about something, such as the goods 
information, sales information and price comparison provided by the Shopping Assistant project of 
AT&T Bell Laboratories [15], the tourists’ location as well as background information of scenery spots in 
the Cyberguid project [15, 16], which concentrates on context-aware tour guide. With the hardware 
progress, the ability of context-aware systems has been expanded greatly, from information retrieval in 
digital world to the control of objects in physical world, as shown in some applications in smart spaces 
[17-20]. However, all of these systems are application-specific, and not suitable for solving the lighting 
control problem. Although lighting control service was included in the EasyMeeting system proposed by 
Chen, Perich, et al. [21], it was not the key point of their research. Only several simple strategies were 
provided in their research, such as when the presentation starts, dim the lights, and when the participants 
of a scheduled meeting enter the room, turn on lights. Choi [22] also considered lighting control in smart 
homes. They chose momentum back-propagation NNs for user preference learning, thus the system can 
predict the proper home service for the users. Regardless of the problem that large training samples are 
needed, the system can only perform no better than human. In summary, the above mentioned existing 
systems are insufficient in the aspect of exerting the powerful computing ability that should be one of the
great advantages of context-aware systems. This kind of system not only can achieve precise or optimal 
solutions more quickly, but also can take more factors into consideration, which is beyond human’s 
abilities. Take the lighting control problem for example, the factors considered can be not only the 
provision of the most suitable brightness during a meeting, but also the conservation of energy as well as 
less disturbance to the meeting progress.
Context modeling and reasoning algorithms may influence the performance and complexity of a 
context-aware system, as well as its maintainability and evolvability [23]. Bettini et al. summarized the 
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current context modeling and reasoning techniques [23], and especially compared object-role based 
models [24], spatial models [25, 26], and ontology-based models [27-29]. Each of them has its own 
limitations and advantages. As the object-role based models do not support the hierarchical structures, 
and spatial models are mainly used in applications that are location-based [23], both of them are not 
suitable for the lighting control problem. We choose ontology-based model because it can represent 
context as a specific kind of knowledge, and provide clear advantages both in terms of heterogeneity and 
interoperability, which fits the problem very well. 
The common used algorithms for reasoning is Bayesian networks [30-33], probabilistic logic [30, 34],
fuzzy logic [30], neural network [22] and support vector machine [35]. Most of these methods need a 
large amount of learning samples as input to get a sound reasoning result. However, in our problem, 
obtaining large samples is inconvenient and not necessary. As there are not too many activities and 
brightness requirements in meeting rooms, just some rules can reflect the logical relations among the 
contexts. Thus, we propose a rule-based reasoning approach for this problem.
3. The Architecture of the System
This lighting control system is designed to offer an intelligent solution for brightness service in smart 
meeting rooms. The system can monitor the real-time brightness needs and adjust light status accordingly 
to keep the visual experience of participants comfortable, no matter what changes happen during the 
meeting. Whenever needed, the automatic adjustment of light status is computed and carried out in an 
imperceptible way. Besides the automatic controlling, the system also allows manual access to controlling
lights for humanity. To achieve these functions, this system should contain the following several modules.
Fig. 1. The architecture of the system
1) A wireless light network. To get the present status of lights and control them automatically, the 
lights in the room should be networked, and remote access is also needed for the mode of manual control. 
2) A wireless sensor network. To collect the relevant information in meeting rooms, a network of 
wireless sensors is equipped in the room, including several types of sensors, such as, brightness sensors 
(spread all around the room), RFID tags and a reader (detect people who are in the room), and sensors for 
sensing the using status of computers and projectors (essential for inferring the going on activity). 
3) A database of ontology. To monitor the real-time brightness needs, the contextual information must 
be organized into a form that computers can understand and use. For this aim, a database of ontology 
about lighting control in smart meeting rooms is designed. 
4) A reasoning module. As the contexts are formalized, some indirect contexts like activity context, 
brightness requirement context can be deduced with the reasoning approach. 
5) A lighting control module. When any adjustment is needed, the system must decide which lights 
should be adjusted and how much. Based on the results of reasoning procedure, an allocation model is 
designed to calculate the optimal solution of lighting adjustment, considering the disturbance to the 
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meeting and the energy consuming. Besides, a physical control module is needed to carry out the 
commands from both the system and human. 
Fig. 1 presents the overall architecture of the system, which is composed of the above mentioned five 
modules.
The key components of this system are context modeling and reasoning, as well as the allocation 
model of light adjustment. The following sections will discuss these modules in detail.
4. Context Modeling and Reasoning
Context modeling and reasoning are the core components of context-aware systems. In this section, we 
discuss the ontology-based context model and the rule-based reasoning approach used in the system.
4.1. The Ontology-based Context Model
There are various types of contextual information in a meeting room, so we use ontology to organize 
these different types of context, which can provide a vocabulary for representing knowledge and 
describing specific situations in a domain. In this model, contexts are described by ontology written in 
OWL, as this language is much expressive than other ontology languages. 
Fig. 2. The ontology-based context model
Fig. 2 depicts the structure of the context ontology. As we virtually divide the room into M subareas 
according to the locations of brightness sensors, the class of “Subarea 1, … , Subarea n” is the subclasses 
of the “Room” class. Some classes of context in the model can be obtained directly by various sensors 
equipped in the room, such as brightness of each subarea, projector and computer’s using status, persons 
and devices in the room and so on. But some need to be inferred from the direct context, such as the class 
of “Activity” and “BrightnessRequirement”. The relationships among these classes include the OWL-
defined ones, such as the “subClassOf” relationship, as well as custom ones, such as the “accompanied”
relationship between a “Presentation” activity and an instance of “Material”.
As the brightness requirement depends on the activity that is taking place, and the difference between 
the requirement and the current brightness decides the adjustment of lights, the activity context and the 
brightness requirement context are the two key classes in this model.
4.1.1. Activity Context
We can roughly divide activities into three classes according to their brightness requirement. They are 
Presentation, Discussion, and None. The “Presentation” class stands for the situation that someone is 
giving a presentation with multi-media materials projected on a screen. To gain better visual effect, the 
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screen area should be brighter than other areas. When no multi-media items are projected, the activity is 
defined as “Discussion”, and the natural light fits this situation best. The “None” class stands for the 
context that there is no one in the meeting room, in the condition of which, the lights should be turned off.
Activity class has relationships with most classes in the context ontology. These relationships are 
important for activity context inferring which will be discussed in Section 4.2.
4.1.2 Brightness Requirement Context
The brightness requirement is a kind of profile predefined according to the research results of 
Illuminating Engineering. Each room has its own profile in which each activity has a set of subareas’
brightness requirements, which are represented by interval numbers. A sample of brightness requirement 
profile is shown in Fig. 3.
Fig. 3. Brightness requirement profile
4.2. The Rule-based Context Reasoning Approach
Reasoning is used to decide what response should be made when any change of context occurs. The 
reasoning process is shown in Figure 4. Whenever a context item is added, changed or deleted, the 
reasoning approach will be activated. Because all contexts in the model are relevant to activity context
except for brightness of subareas, if the detected change is not about the brightness of subareas, the 
activity-inferring process will start to deduce the living activity; if the activity stays the same, the 
reasoning will end. If the detected change is about the brightness of subareas, the brightness requirement 
will be retrieved with the current activity context, and then the current brightness will be compared with 
the requirement to decide whether any adjustment of lighting is needed. If it is needed, the allocation 
model will be activated with the current brightness and the requirement as input.
We defined some rules based on common sense for activity inferring. The following examples show a 
partial set of these rules. To illustrate these rules more generally, we just represent them in the form of 
predicate logic. For instance, the item “LocatedIn(Jim, Room406)” indicates Jim is now located in Room 
406.
 Rule 1: IF (LocatedIn(person, room) AND LocatedIn(none, room)),  
             Then (Participate(person, discussion) and LocatedIn(discussion, room))
 Rule 2: IF (LocatedIn(person, room) AND LocatedIn(discussion, room)),  
             Then (Participate(person, discussion) 
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 Rule 3: IF ((LoatedIn(discussion, room) AND ((LocatedIn(computer, room) AND 
Use(computer)) OR (LocatedIn(projector, room) AND (Use(projector)))),  
             Then (LocatedIn(presentation, room)) 
 Rule 4: IF (LocatedIn(presentation, room) AND Notuse(projector)),  
             Then (LocatedIn(discussion, room))
Fig. 4. The Flowchart of Reasoning
To decide whether the current brightness satisfies the requirement, the brightness of each subarea 
should be compared with corresponding items in the requirement profile. The current brightness satisfies 
the requirement if and only if every subarea’s current brightness belongs to the corresponding
requirement interval.
5. Lighting Control Module
Lighting control module is divided into two parts functionally. The allocation model is a multiple 
objective programming model aiming at figuring out the most optimal lighting adjustment, and the 
physical control module is in charge of executing the light adjustment. 
5.1. Allocation Model
With the powerful computing ability, the light adjustment solution can not only meet the brightness 
requirement, but also take two more factors into consideration, the disturbance to the meeting and the 
energy consumption. Any great changes in surroundings will attract people’s attention, which disturbs the 
progress of a meeting. Therefore, an optimal solution must avoid disturbance as much as possible.
We define the disturbance as the total brightness adjustment of all lights. The disturbance goal 1f can 
be formulated as:
1
1
( ) min
N
i
i
f X x
=
= ∑ (1)
xi
X is the set of x
(i=1,2,…,N) stands for the brightness adjustment of light i.
i
The energy consumption includes the consumption during and after the adjustment. The energy 
consumption objective can be formulated as:
(i=1,2,…,N).
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2
1
( ) min ( )
N
i i
i
f X g s x
=
= +∑ (2)
si
g (x) is the function of energy consumption when the light status is x.
(i=1,2,…,N), the brightness status of light i.
Thus, the objective function of this model is:
1 2( ) ( ( ), ( ))
ToptF X f X f X= (3)
After the adjustment, each subarea’s brightness must satisfy the inferred requirement:
min max( , ) ( 1, 2,..., )j j jr h S X b r j M≤ + ≤ = (4)
S represents the set of si
b
.
j
min
jr
(j=1,2,…,M) stands for the current brightness of subarea j.
and maxjr (j=1,2,…,M) represent the lower and upper bound of brightness requirement for subarea 
j.
h(S+X, bj
Assume that the lights in the meeting room are homogeneous, the minimum and maximum brightness 
are 0 and L, to which the brightness of each light after adjustment should belong (see formula 5).
) is the function used to calculate the brightness of subarea j after adjustment.
0 ( 1,2,..., )i is x L i N≤ + ≤ = (5)
Formulas (1)~(5) compose the multiple objective model of light allocation in our system.
Standard approaches to solving multiple objective problems are weighted method and lexicographic 
method. In this problem, the two objectives reflect different attributes of the problem, and it’s difficult to 
transform them into one dimension. So we use the lexicographic method to solve this model. Limited by 
pages, this paper does not offer the details on the model-solving process.
5.2. Physical Control Module
Light adjustment can be the result of the allocation model, or the command from users with a wireless 
remote controller, which means that the system can provide both automatic and manual control modes.
The switch between the two modes is shown in Fig. 5.
Whenever a manual command is made by users, the physical control module will execute it 
immediately, and manual mode is in charge. If there is any changes happen when manual mode is in 
charge, and no manual command is made in time T (T is predefined), the automatic mode will take over 
control.
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Fig. 5. The switch between two modes
6. Conclusions
We present a context-aware lighting control system for smart meeting rooms. The system can detect 
the brightness changes and infer the activities in the room through some direct contexts collected by 
wireless sensors, and with an allocation model, the optimal adjustment scheme of lighting is provided and 
automatically executed. Thus, the brightness in the meeting room can be adapted seamlessly, which 
provides the most comfortable visual effect for attendees of meetings and allows them to concentrate on 
their tasks. 
An intelligent solution for the lighting control problem with the techniques of context-awareness and 
IoT was proposed. It integrates the context-awareness and IoT techniques into Illuminating Engineering 
field, so as to extend its ability to provide automatic support to the changing tasks of human in the lit 
space.
As this research just suggests the basic ideas of the system, the applicability of our system should be 
evaluated in future works. Furthermore, there are some challenging issues yet to be addressed, such as the 
approach to defining the brightness requirement for rooms with different layouts according to the generic 
theory in Illuminating Engineering field.
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